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Spectral data processing and multivariate data analysis Figure S1 . AHR-null liver extract reporter assay. AHR-responsiveness of extracts was examined using hepatoma reporter line, Hepa 1.1. Reporter cells were treated with 0.1 µL of control or TCDF liver extracts for 4 h. Data represent mean±S.E.M (n=5), T-test parameters: Unpaired, Two tailed, p-value < 0.001 (***). The regions of δ 6.1-9.20 and δ 0.6-3.1 in the liver spectra was vertically expanded 16 times and 4 times compared with the region of δ 3.1-4.7, respectively. The regions of δ 6.1-9.4 in the fecal aqueous extracts spectra were vertically expanded 16 times compared with the region of δ 0.5-4.5. The regions of δ 6.1-9.0 in the cecal content aqueous extracts spectra were vertically expanded 16 times compared with the region of δ 0.6-4.4. Keys: 1, lipid; 2, isoleucine; 3, leucine; 4, valine; 5, 6, lactate; 7, alanine; 8, acetate; 9, 10, propionate; 11, threonine; 12, glutamate; 13, glutamine; 14, glutathione; 15, arginine; 16, proline; 17, creatine; 18, choline; 19, phosphorylcholine; 20, glycerophosphocholine; 21, 22, 23, unsaturated fatty acid; 24, TMAO; 25, tyrosine; 26, histidine; 27, phenylalanine; 28, formate; 29, betaine; 30, glycogen; 31, bile acid; 32, lysine; 33, 34, oligosaccharides; 35, succinate; 36, taurine; 37, glycine; 38, inosine; 39, uridine; 40, fumarate; 41, nicotinurate; 42, adenosine; 43, uracil; 44, 45, 46, 47, hypoxanthine; 48, glucose & amino acids; 49, ethanol; 50, pyruvate; 51, TMA; 52, raffinose; 53, stachyose; 54, methanol; 56, urocanate; 57, adenine; 58, . See also Table S4 . Figure S6 . O-PLS-DA scores (left) and coefficient-coded loadings plots for the models (right) from NMR spectra of aqueous duodenum (A), jejunum (B), ileum (C), and cecum (D) extracts from the vehicle and TCDF-treated Ahr +/+ mice and fecal (E), cecal content (F) and liver (G)
extracts from vehicle and TCDF-treated Ahr -/-mice. Table S1 . Primer sequences for qRT-PCR, Related to the Experimental Procedures. Table S2 . Retention times and M/Z of bile acids in UPLC-TQD-MS measurements, Related to Figure 4 . Table S3 . Significantly changed metabolites in the feces, cecal content, liver, and intestine of mice exposed to TCDF. 
Materials and Methods
NMR-based metabolomics experiment
Sample preparation
Methanol, K 2 HPO 4 , NaH 2 PO 4 (all in analytical grade), Sodium 3-trimethylsilyl [2,2,3,3-d4] propionate ( extracted. Briefly, samples (~50 mg) were mixed with 600 µL precooled phosphate buffer, vortexed for 30s and subjected to three consecutive freeze-thaws followed by homogenization using the Precellys Tissue Homogenizer. After centrifugation (11,180 x g, 4 °C) for 10 min, the supernatants (550 µL) were transferred into 5 mm NMR tubes for NMR analysis.
H NMR Spectroscopy
1 H NMR spectra of aqueous liver and fecal extracts were recorded at 298 K on a Bruker Avance III 600 MHz spectrometer (operating at 600.08 MHz for 1 H) equipped with a Bruker inverse cryogenic probe (Bruker Biospin, Germany). Typical one-dimensional NMR spectrum was acquired for each of all samples employing the first increment of NOESY pulse sequence (NOESYPR1D). To suppress the water signal, a weak continuous wave irradiation was applied to the water peak during recycle delay (2 s) and mixing time (100 ms). The 90° pulse length was adjusted to approximately 10 µs for each sample and 64 transients were collected into 32 k data points for each spectrum with spectral width of 20 ppm. To facilitate NMR signal assignments, a range of 2D NMR spectra were acquired and processed for selected samples including 1 H-1 H correlation spectroscopy (COSY), 1 H-1 H total correlation spectroscopy (TOCSY), 1 H-13 C heteronuclear single quantum correlation (HSQC), and 1 H-13 C heteronuclear multiple bond correlation spectra (HMBC).
Spectral data processing and multivariate data analysis
All free induction decays (FID) were multiplied by an exponential function with a 1 Hz line broadening factor prior to Fourier transformation. 1 H NMR spectra were corrected manually for phase and baseline distortions and spectral region δ 0.5-9.5 was integrated into regions with equal width of 0.004 ppm (2.4 Hz) using AMIX software package (V3.8, Bruker-Biospin, Germany). Region δ 4.45-5.20 was discarded by imperfect water saturation. Regions δ 1.15-1.23 and δ 3.62-3.69 were also removed for ethanol contaminations in the cecal contents during mice dissection process. Each bucketed region was then normalized to the total sum of the spectral integrals to compensate for the overall concentration differences prior to statistical data analysis.
Multivariate data analysis was carried out with SIMCAP+ software (version 13.0, Umetrics, Sweden). Principal Component Analysis (PCA) was initially carried out on the NMR data to generate an overview and to assess data quality. Orthogonal Projection to Latent
Structures with Discriminant Analysis (OPLS-DA) was subsequently conducted on the NMR data. The OPLS-DA models were validated using a 7-fold cross validation method and the quality of the model was described by the parameters R 2 X and Q 2 values ( Figure 5 and Supplemental Material Table S3 ). To facilitate interpretation of the results, back-transformation of the loadings generated from the OPLS-DA was performed prior to generating the loadings plots, which were color-coded with the Pearson linear correlation coefficients of variables (or metabolites) using an in-house developed script for MATLAB (The Mathworks Inc.; Natwick, MA). The color-coded correlation coefficient indicates the significance of the metabolite contribution to the class separation, with a "hot" color (e.g., red) being more significant than a "cold" color (e.g., blue). In this study, a cutoff value of |r| > 0.707 (r > 0.707 and r < -0.707) was chosen for correlation coefficient as significant based on the discrimination significance (p ≤ 0.05). C and E). The regions of δ 6.1-9.20 and δ 0.6-3.1 in the liver spectra was vertically expanded 16 times and 4 times compared with the region of δ 3.1-4.7, respectively. The regions of δ 6.1-9.4 in the fecal aqueous extracts spectra were vertically expanded 16 times compared with the region of δ 0.5-4.5. The regions of δ 6.1-9.0 in the cecal content aqueous extracts spectra were vertically expanded 16 times compared with the region of δ 0.6-4.4. Keys: 1, lipid; 2, isoleucine; 3, leucine; 4, valine; 5, D-3-hydroxybutyrate; 6, lactate; 7, alanine; 8, acetate; 9, n-butyrate; 10, propionate; 11, threonine; 12, glutamate; 13, glutamine; 14, glutathione; 15, arginine; 16, proline; 17, creatine; 18, choline; 19, phosphorylcholine; 20, glycerophosphocholine; 21, β-glucose; 22, α-glucose; 23, unsaturated fatty acid; 24, TMAO; 25, tyrosine; 26, histidine; 27, phenylalanine; 28, formate; 29, betaine; 30, glycogen; 31, bile acid; 32, lysine; 33, 34, oligosaccharides; 35, succinate; 36, taurine; 37, glycine; 38, inosine; 39, uridine; 40, fumarate; 41, nicotinurate; 42, adenosine; 43, uracil; 44, 45, 46, 47, hypoxanthine; 48, glucose & amino acids; 49, ethanol; 50, pyruvate; 51, TMA; 52, raffinose; 53, stachyose; 54, methanol; 56, urocanate; 57, adenine; 58, . See also Table S4 . 
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Correlation coefficient values obtained from OPLS-DA of treatment groups.
+ and -indicate a significant increase and decrease of metabolite levels in the treatment groups compared to the control mice; -no change. 
